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(S) A process to manufacture conductive composite articles. 



(57) A resin transfer molding process to manufacture conductive composite articles for lightning strike 
and EMI protection. The method includes the assembly of a metal wire mesh and a fabric preform to a 
resin transfer molding tool. The metal mesh and fabric preform is adhered to the tool, interfaced to one 
another, or receive a second metal mesh or fiber preform. The interfacing parts are adhered with an 
adhesive resin film which is chemically and physically compatible with an injection resin. 
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Technical Field 

This invention is directed to the manufacture of 
conductive composite articles using a resin transfer 
molding process. 

Background Art 

Aircraft components must be conductive for 
reasons relating to lightning protection and EMI. 
These components have traditionally been manufac- 
tured with metals such as steel, aluminum, and 
titanium. Although metals are excellent conductors, 
they have high densities which make them less suit- 
able to manufacture light weight vehicles. 

Consequently, alternative material to construct 
aircraft parts, such as composites have been 
developed. Composite articles can presently be man- 
ufactured by such known processes as preimpreg- 
nation. In this process the fabric is impregnated with 
resin and catalyst which requires appropriate storing 
facilities with controlled temperatures, to prevent 
untimely curing. In addition, the resin/catalyst impre- 
gnated material has a shelf life limitation. 

Resin transfer molding (RTM) is another method 
us d to manufacture composite articles. This method 
is described in U.S. Patent No. 4,762,740 which is 
incorporated herein by reference. In RTM the resin 
and hardener, i.e. catalyst or cross-linking agent, are 
mixed just prior to injection into a mold containing a 
fiber preform. This method eliminates the shelf-life 
and storage problems of prepregging since the resin 
and catalyst are not mixed until injection. 

Although prepreg and RTM processes will yield 
tight r weight articles than metals, the thermosetting 
and thermoplastic resin systems and the fabric ma- 
t rial used in these methods are either nonconductive 
or not conductive enough for lightening strike and EMI 
protection. As a result, there is a need for a process 
to manufacture lightweight conductive articles. Con- 
ductive attributes can be added to composite articles 
by incorporating a metallic mesh in the article. 

The previous methods to attach a dry metallic 
mesh to a dry (non impregnated) preform all have sig- 
nificant limitations. Spray adhesives reduce laminate 
strength, produce unacceptable cosmetic surfaces, 
and interfere with resin flow during injection. Preim- 
pregnating the metallic mesh is not practical since the 
prepregged mesh is difficult to handle, and it has a 
limited shelf life and out time. Lastly, secondary bond- 
ing the dry metallic mesh to the cured part or mechani- 
cally attaching the mesh to the preform prior to curing 
are not structurally sound alternatives. 

The need exists for a method to manufacture fiat 
as well as complex configuration articles, to adhere a 
metal wire mesh to a fabric preform, and to eliminate 
the storage and shelf-life limitations of impregnated 
mat rial. 



Disclosure of Invention 

The present invention discloses a method to man- 
ufacture conductive, composite articles which are 

5 suited for the use in aircraft where conductivity is 
needed for lightening strike and EMI protection, and 
where a lower fuel consumption and higher perform- 
ance for the aircraft are objectives. In addition, the dis- 
closed method is especially suited for industries 

w concerned with high production rates and low capital 
equipment investment. 

The proposed process discloses a method to 
manufacture a conductive composite article starting 
with a fiber preform, a metallic mesh, adhesive resin 

15 film, and injection resin. A dry, and stabilized fiber pre- 
form is set on a resin transfer molding tool matched 
first half. Adhesive resin strips suited to the shape of 
the article being manufactured are cut with conven- 
tional cutting techniques from an adhesive resin film 

20 sheet. The film sheet has support backings on each 
side which protect the resin from contamination and 
provide stability and manageability. The support 
backing is removed from one surface of the resin 
strips and the exposed tacky resin is adhered to the 

25 fiber preform in a predetermined location. This pro- 
cess is repeated until the fiber preform surface has 
sufficient adhesive strips to retain the wire mesh pre- 
form. The remaining support backing is removed from 
the resin strips which have been adhered to the fiber 

30 preform. The precut and patterned metal wire mesh is 
placed onto the fiber preform and adhesive resin, and 
the metal mesh is secured to the fiber preform. 

Adhesive resin strips can also be used to secure 
any metal wire mesh overlap to ensure a continuous 

35 metal mesh surface over the preform. If a second 
metal mesh is needed, for additional electrical protec- 
tion, adhesive resin strips are used to secure the two 
interfacing metal meshes to each other. 

The resin transfer molding tool is assembled by 

40 closing the matched second half of the tool on the fiber 
preform and metal mesh. A resin and cross-linking 
agent are mixed and injected into the tool and the 
assembly is cured according to the resin specifi- 
cations, i.e. curing may occur within 0.5 hrs. and up 

45 to 8 hrs., and at temperatures ranging from 250°F to 
400°F. 

Although this process is applicable to the man- 
ufacture of fiat objects it is especially useful for man- 
ufacturing articles with complex configurations, since 
so the adhesive resin film provides the means to secure 
a metal mesh to the required curvature configurations 
without interfering with the subsequent injection of a 
matrix resin and without reducing the laminate 
strength. 

55 The dry fiber preform is usually made of graphite 

fibers, fiberglass fibers, aramid fibers, or a combi- 
nation thereof. If the fabric is made of graphite fibers, 
a fiberglass ply is incorporated in the fabric which acts 



SDOCID: <EP 0465399A2_I_> 



3 



EP 0 465 399 A2 



4 



as an electrical insulator. If a flat article is being man- 
ufactured, the preform fabric can be sewn or stapled 
to the desired pattern. Since the fiber preform is not 
impregnated with a resin matrix the problems of a 
limited shelf-life and storage at specific temperatures 
are eliminated. 

Thus, an aspect of the invention is directed to the 
method of conforming and securing a wire mesh, in its 
desired shape, to a dry preform, or to a metal mesh. 
A tacky adhesive resin is used as the means to physi- 
cally bond, by adhesion, the wire mesh and dry fiber 
preform or two metal meshes. During the cure cycle 
the resin film is chemically incorporated with the injec- 
ted resin and cross-linking agent and it becomes part 
of the cured resin matrix. 

It is necessary to incorporate a metal wire mesh, 
screen or fabric in the structure in order to give the arti- 
cle conductive properties. Typically, a metal wire 
mesh can be manufactured from any metal, although 
aluminum, nickel and copper and alloys thereof are 
most often used. A metal mesh is in the form of a flat 
sheet and it is not easily conformed to a three-dimen- 
sional shape unless it is cut, manipulated and overlap- 
ped. Overlapping and folding of the metal wire mesh 
can be problematic since the overlapped region can 
block resin flow during injection which can result in a 
greater fiber/resin ratio than the rest of the article. 
Areas with a greater fiber/resin ratio can cause sur- 
face dryness that results in cracking and aesthetically 
inf rior products. 

To minimize problems of wire overlap that may 
aff ct the injection of the resin the wire mesh is cut at 
precise areas to conform to the fiber preform. After the 
mesh has been cut and conformed into the required 
shap a means to maintain the contours and configu- 
ration must be provided. In addition, if the article being 
manufactured requires the incorporation of more than 
on wire mesh for additional electrical protection, then 
a means to secure a second wire mesh to the first wire 
mesh is needed. 

An adhesive resin is used to adhere metal 
meshes and fabric preforms. The adhesive resin film 
consists of a resin that may contain a cross-linking 
agent. A cross-linking agent is added to the adhesive 
resin film to give it some rigidity if the resin is too visc- 
ous to be manufactured in film form. However, if the 
adhesive resin does not contain a cross-linking agent 
it must be soluble in the injection resin system under 
the injection molding conditions. 

The adhesive resin film may be manufactured 
from a resin system identical to, or chemically and 
physically compatible to the injection resin. The objec- 
tive is to assemble an article that allows for the dissol- 
ution of the adhesive resin into the injected resin 
without forming undesirable by-products during cur- 
bing. 

Thermosetting injection resins are typically used 
in this method. Bisphenol-A epoxy (BisA epoxy), Bis- 



maleimide modified epoxy (BMI epoxy), and triazine, 
as manufactured by U.S. Polymeric in santa Anna, 
CA, are preferred. These resin systems may be a one 
component or multi-component composition com- 

5 prised of the above mentioned systeme and may con- 
tain a cross-linking agent. 

If a crose-linking agent is needed it is mixed with 
the resin prior to injection into the resin transfer mold- 
ing tool. The cross-linking agent may consist of one 

10 or a combination of compounds chosen from the fol- 
lowing classes: organic acids, anhydridee, amines 
and organometallics. 

It will be understoood by those skilled in the art 
that the invention is carried out with resin transfer 

15 molding tools having patterned matching mold hal- 
ves. In addition, the method to manufacture an article 
with at least one metal mesh may be achieved in sev- 
eral ways. 

The amount of adhesive resin film needed to sec- 

20 ure the metal wire mesh to the preform is approxim- 
ately proportional to the complexity and curvature of 
the structure. A flat structure might need approxim- 
ately 2% of the preform surface covered with the resin 
film adhesive, whereas a complex structure might 

25 need approximately 25% or more of the preform sur- 
face covered to secure the metal wire mesh. 

In a first method, the metallic wire mesh is laid on 
the resin transfer molding tool matched first half. The 
exposed tacky resin is adhered to the wire mesh. A 

30 stabilized fiber preform is placed on the wire mesh 
and adhesive resin. 

A second method to carry out the invention is to 
first place a stabilized fiber preform on the tool. Adhe- 
sive resin shapes are adhered to the preform, and a 

35 patterned metal wire mesh is placed on the exposed 
tacky resin and preform. 

Some conductive composite articles may require 
more than one metallic mesh. In this case, adhesive 
resin shapes are used to secure the first wire mesh to 

40 the preform, and to secure the two interfacing 
meshes. Thus, a preform is laid on a tool, adhesive 
resin shapen are adhered to the preform. A plurality 
of adhesive shapes are adhered to the preform and a 
first metal mesh is placed on the exposed tacky resin 

45 and preform. A plurality of second adhesive resin film 
shapes are attached to the first metal mesh. The sec- 
ond wire mesh is interfaced to the first mesh with the 
exposed resin. 

Another method to assemble an article comprises 

so placing a metal mesh or screen on each side of a fab- 
ric and securing the meshes with tacky adhesive resin 
strips. This layering method is also useful if an article 
requires a fabric to be adhered on each side of a metal 
mesh. 

55 Once the article has been assembled with any of 

the methods described above, the molding tool is 
clos d and the matrix resin is injected either into an 
approximately room temperatur or a preheated tool. 
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After injection the assembled tool is cured with heat 
for approximately 1/2 firs, and up to approximately 8.0 
firs., at a temperature between about 250°F to 400°F. 

Theforegoing and other features and advantages 
of the present invention will become more apparent 
from the following description and accompanying 
drawings. 

Brief Description of Drawings 

Fig. 1 shows the elements used to manufacture 
a conductive composite article with a resin transfer 
molding process according to this invention. 

Fig. 2 shows an overlapped metal wire mesh sec- 
ured with an adhesive resin film strip according to this 
invention. 

Best Mode for Carrying Out the Invention 

The preferred mode to carry out the invention is 
best described by referring to Figures 1 and 2 t which 
illustrate the method to fabricate a composite article 
by placing the fiber preform on the resin transfer mold- 
ing tool and adhering the wire mesh. Looking at Fig. 
1 a preform fabric (3) is cut to the required pattern. The 
pr form is manufactured with graphite fibers (4) and 
a fib rglass outer ply. The patterned fabric (3) has 
b n formed into a preform structure (5) by conven- 
tional techniques. The dry preform (5) is laid on a 
molding tool matched first half (1). Adhesive resin film 
E-905HM, as provided by U.S. Polymeric, Santa 
Anna, CA., composed of epoxy modified bis- 
maleimide resin, is defrosted and a sheet of film is cut 
into shapes (6) with conventional cutting techniques. 
Th r sin film has a first and second support layers on 
ach side. One of the removable support layers (7) is 
p led from the adhesive resin strips (6) and the exp- 
os d tacky resin (8) is adhered to the fiber preform (3) 
with light hand pressure. The adhesive resin strips are 
adhered to the areas designated as (9), where the 
metallic mesh (10) needs to be secured to the fiber 
preform (3). The areas covered with triangular shaped 
adhesive resin (6) strips, illustrated the regions that 
require the wire mesh to be adhered to the fiber pre- 
form and to bond areas where portions of the metal 
mesh overlap with each other. Approximately 10% of 
the preform is covered with the adhesive resin 
shaped. To ensure the flow of the injected resin, dur- 
ing a subsequent impregnation step described in 
more detail below, the adhesive resin strips are not 
adhered to the fiber preform areas which lie adjacent 
the injection port (1 1) and the bleed ports (12) since 
the flow rate of the resin would be affected and the 
excess resin would not flow properly. 

The second support layer (7) is removed from the 
adhesive resin film strips. A 200x200 mesh aluminum 
metal sheet (10) which has been cleaned with con- 
ventional degreasers, is cut to match th preform pat- 



tern, and placed on the fiber preform (5). The wire 
mesh is adhered to the exposed tacky resin with light 
hand pressure. Fig. 2 illustrates the area of wire over- 
lap (13). The white regions (14) show the adhesive 

5 resin film holding the wire mesh in place and securing 
the overlap. In the areas of the wire overlap, adhesive 
resin strips are used to physically secure the wire to 
maintain the required configuration. 

Once the wire mesh has been secured to the fiber 

10 preform, the matching mold tool second half (15) is 
assembled to the first half (1) and the assembly is 
closed. The matching molding tool is heated to 230°F. 
The injection resin E905RTMA, as supplied by U.S. 
Polymeries in Santa Anna, CA., is an epoxy modified 

15 bismateimide matrix resin, the resin is mixed with a 
cross-linking agent, such as E905RTMB following the 
specifications of the supplier, and is injected into the 
tool through the injection port (11). The closed mold- 
ing tool is than cured in a 350°F preheated oven for 2 

20 hrs. to allow the resins to thermoset. 

After the cure cycle the thermoset conductive 
composite article is removed from the tool and is sub- 
jected to quality control inspection and non-destruc- 
tive tests known in this field of art. 

25 Although this invention has been shown and des- 

cribed with respect to detailed embodiments thereof, 
it will be understood by those skilled in the art that vari- 
ous changes in form and detail thereof may be made 
without departing from the spirit and scope of the 

30 claimed invention. 



Claims 

35 1. A method to manufacture conductive composite 
articles with a resin transfer molding process 
using an adhesive resin film having compatible 
chemical and physical properties with an injection 
resin and a first and a second tacky surface, com- 

40 prising: 

a. placing a fiber preform on a resin transfer 
molding tool matching first half; 

b. adhering shapes of said adhesive resin film 
to the fiber preform; 

45 c. placing a patterned metal wire mesh on the 

fiber preform; 

d. adhering the metal mesh to the exposed 
adhesive resin tacky surface; 

e. assembling a resin transfer molding tool 
50 matching second half to said transfer molding 

tool matching first half; 

f. injecting a matrix resin and a cross-linking 
agent into said assembled resin transfer mold- 
ing tool; 

55 g. heating said assembled resin transfer mold- 

ing tool to cure said resin and adhesive resin. 

2. A method according to claim 1 further comprising 
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between steps d and e: 

adhering shapes of said adhesive tacky 
resin to the first metal mesh; 

interfacing a second metal mesh to the first 
metal mesh. 5 

3. A conductive composite article manufactured 
according to the method of claim 1. 

4. A method to manufacture conductive composite 10 
articles with a resin transfer molding process 
using an adhesive resin film having compatible 
chemical and physical properties with an injection 
resin, and a first and a second adhesive tacky sur- 
face comprising: 15 

a. placing a patterned metal mesh on a resin 
transfer molding tool first matched half; 

b. adhering shapes of said adhesive tacky 
resin to the metal mesh; 

c. placing a fiber preform on the metal mesh; 20 

d. adhering the fiber preform to the adhesive 
resin tacky surface; 

e. assembling said resin molding tool first 
matching half to said resin transfer molding 

tool second matching half; 25 

f. injecting a matrix resin and a cross-linking 
agent into said assembled resin transfer mold- 
ing toot; 

g. heating said assembled resin transfer mold- 
ing tool to cure said resin and adhesive resin. 30 

5. A method according to claim 4 further comprising 
between steps b and c: 

adhering shapes of said adhesive tacky 
resin to the first metal mesh; 35 

interfacing a second metal mesh to the first 
metal mesh. 

6. A conductive compseite article manufactured 
according to the method of claim 4. 40 



45 
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(54) A process to manufacture conductive composite articles. 

(§) A resin transfer molding process to manufac- 
ture conductive composite articles for lightning 
strike and EMI protection. The method includes 
the assembly of a metal wire mesh (10) and a 
fabric preform (3) to a resin transfer molding 
tool (1). The metal mesh and fabric preform is 
adhered to the tool, interfaced to one another, 
or receive a second metal mesh or fiber pre- 
form. The interfacing parts are adhered with an 
adhesive resin film which is chemically and 
physically compatible with an injection resin. 
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